An enzyme-linked immunosorbent assay for the detection of immunoglobulin G, M, and A antibodies against each of the 14 polysaccharide antigens contained in a contemporary pneumococcal vaccine is described. A mean total antibody fold increase above 2 from prevaccination to 4 weeks postvaccination serum samples was found for all antigens in 12 healthy adults and 6 children. Fifty-five percent of all single fold increases determined were above 2 in the adults; the value was 64% in children. Type-specific polysaccharide antibody of the immunoglobulin G class was predominant in 4 weeks postvaccination serum samples. Further studies with assays such as the one described may lead to a better understanding of the immune response to pneumococcal polysaccharides in both normal subjects and patients at increased risk of pneumococcal infection.
The availability of a polyvalent pneumococcal vaccine has created a demand for a widely accessible, relatively simple, inexpensive, and yet sensitive and reproducible assay for measurement of antibodies against pneumococcal capsular polysaccharide (PS) antigens.
Methods previously used for detection of pneumococcal antibodies include agglutination (16) , capsular reaction test (7) , quantitative precipitation (12) , mouse protection (14) , antipneumolysin reaction (19) , indirect hemagglutination (2) , and radioimmunoassay (RIA) (18) . Satisfactory sensitivity and specificity have been obtained by indirect hemagglutination and even more so by RIA, the two methods currently in use. RIA, however, requires expensive equipment, access to radiolabeled type-specific PS, and handling of radioactive material, and both indirect hemagglutination and RIA measure total antibody without distinguishing between antibody classes.
The enzyme-linked immunosorbent assay (ELISA) has been successfully applied for the detection of a number of bacterial and viral antibodies with sensitivity and specificity equaling that of RIA (9) . Recently, the detection of pneumococcal antibodies by an ELISA technique has been reported also (3, 4, 6, 17 Purified IgG fractions of the type-specific rabbit antisera were used for coating the sticks because preliminary experiments had shown this to result in lower unspecific background values and thus in higher sensitivity of the assay.
To determine the optimal coating concentrations of the IgG fractions, sticks were incubated with serial dilutions of the fractions. Subsequently, they were treated with 0.5% horseradish peroxidase-conjugated swine anti-rabbit immunoglobulin (DAKO-Immunoglobulins Ltd.) in PBS with 0.5% bovine albumin and 0.01% Tween 20 followed by ELISA steps 5 and 6 ( Table 1 ). The optimal coating concentration was defined as the lowest concentration of the IgG fraction 6 Photometric measurement of OD at 450 nm a The sticks were washed between each step as described in the text. b The optimal concentrations, as defined in the text, were determined for each type-specific anti-PS IgG fraction and varied from 1.6 to 27.5 mg/liter. The concentration of purified pneumococcal PS in PBS with 0.01% Tween 20 to be used in step 2 was determined by performing the assay, steps 1 to 6, with serial dilutions of PS with sera of both low and high titers. The PS concentration yielding the highest OD with both sera was 1 ,ug/ml for all 14 PS types.
Separate rows of sticks were coated for each of the 14 PS types. Coated sticks were stored overnight at 4°C before being used in the ELISA procedure. More prolonged storage resulted in only a slight decrease in activity, amounting to approximately 15% after 3 weeks.
Optimal incubation times and temperatures for coating of sticks and for subsequent steps of the assay, as determined in separate experiments, are given in Table   1 .
Washing between steps 1 and 2 and between steps 2 and 3 was carried out by submerging the sticks into two consecutive baths of PBS with 0.01% Tween 20 for a period of 5 min in each. The washings between steps 3 and 4 and steps 4 and 5 simply consisted of placing the frame with the sticks in a bath of gently flowing tap water for 10 min, which was shown to be adequate.
Human sera were routinely assayed in dilutions of 1/ 100. A total of 0.5% bovine albumin and 2.5% rabbit serum without anti-PS activity were added to the diluent PBS with 0.01% Tween 20 because separate experiments showed that this reduced the nonspecific adhesion of human immunoglobulin to the sticks. Merthiolate in a concentration of 0.01% was added to the diluent solution as a preservative.
In step 4 sticks were reacted with horseradish peroxidase-conjugated rabbit anti-human immunoglobulin. A total of 0.5% bovine albumin and 0.01% Merthiolate were added to the diluent PBS with 0.01% Tween 20 for the reasons given above.
Amounts of rabbit anti-human immunoglobulin bound to the sticks were found by lowering the sticks for 30 min at room temperature into their corresponding chambers containing a freshly prepared substrate solution of 0.5% 5-amino-2-hydroxybenzoic acid in 0.02 M PBS (pH 6) with 10 p.l of 30 to 40% H202 added per 150 ml. The equipment was placed on a rotating apparatus running at 80 rotations per min during the procedure. only for patients that have been, or will be, splenectomized. Blood samples were drawn just before and 4 weeks after vaccination, and sera were stored at -80°C until assayed. All samples were assayed in duplicate, and the mean value was used for calculation of the results. Paired pre-and postvaccination sera were studied in the same assay.
Samples yielding ODs above 1.0 were reassayed in dilutions of >1/100 to bring results below 1.0 to allow for calculations and comparison between sera (Fig. 1) .
Controls and standards. For each sample the nonspecific background was determined by performing a parallel control, in which the sample was assayed without the addition of PS in step 2 ( Reproducibility of the assay. The reproducibility of the assay was studied by performing 10 replicate determinations of a single serum. When determinations were performed on the same day, the standard deviation of OD readings was 5 to 8%; when they were performed on different days, however, it was up to 40%o. After correction (as described) it was 10 to 15%.
Standard curves for each PS type were parallel, and the standard deviations of their slopes were <5% in assays performed on the same day and 10 to 12% in assays performed on different days. Standard curves of assays of total antibody and IgG, IgM, and IgA antibodies were parallel, with similar standard deviations. Standard curves were performed and used for calculation in each assay to reduce FI variation. Paired sera yielded FIs with a standard deviation of 10%o at most on the same day and 15% on different days. FIs above 1.3 are thus statistically significant (P < 0.05) with this assay.
RESULTS
The results of the determinations of total antibody to each of the 14 vaccine type PS antigens in prevaccination and 4 weeks postvaccination sera from 12 healthy adults and 6 presumably immunocompetent children are presented in Table 2 . A mean antibody FI above 2 was found for all PS types in both adults and children. A relatively higher mean Fl was found for types with low mean prevaccination values except for type 12F in adults and types 6A, 12F, and 18C in children. The mean FIs for all PS types were 4.4 in adults and 6.4 in children. Of 168 FI determinations in the 12 adults, 93 (55%) were above 2 and only 12 (7%) were below 1. In children, 54 of 84 (64%) determinations were above 2, and 9 of 84 (11%) were below 1. A low postvaccination antibody concentration was found for types 3 and 18C in adults and for types 6A, 12F, 18C, and 23F in children. It should be noted that the mean FI cannot be calculated from the values given for the mean arbitrary antibody concentration because individual FIs have been calculated from the measured OD values rather than from the corrected OD values (see above).
The mean FI after vaccination in IgG, IgM, and IgA antibodies to PS types 3 and 14 in five healthy adults and five presumably immunocompetent children are listed in Table 3 (8), the method has been proven to be a sensitive and specific technique for detection of antibodies to a number of protein and lipopolysaccharide antigens. PS antigens, however, have been found to attach poorly and unpredictably to polystyrene (3, 6) , and a reliable ELISA for their detection therefore must utilize a specially selected solid phase (4), the coupling of PS to another substance before adsorption (10), or a double-sandwich technique, in which a type-specific animal anti-PS antibody is attached to the plastic surface before the specific PS antigen is subsequently bound (3, 17) . Using purified IgG fractions of type-specific rabbit antisera, we found a lower nonspecific background and thus a higher sensitivity of the assay.
Judgment of the efficacy of pneumococcal vaccine in the majority of studies performed so far has been based on RIA determination of the FI in type-specific antibody from prevaccination to postvaccination serum samples. At least 80% of individuals above 2 years of age have been found to exhibit a greater than twofold increase in antibody against all vaccine types (21). Although a protective level of antibody concentration has not been precisely defined, it has been suggested that 300 ng of specific antibody nitrogen per ml, as determined by RIA, may be needed to establish immunity (15) . To make a comparison of results possible, we have chosen also to express these in FI in ELISA-measured antibody. Because FI alone does not convey the level of antibody, a value indicating the concentration of antibody measured in arbitrary ELISA units has also been given. An attempt to convert this value into absolute amounts of antibody has not been judged useful, because ELISA may VOL. 15, 1982 on October 26, 2017 by guest http://jcm.asm.org/ Downloaded from 
